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Abstract

Aim: Childhood obesity is increasing in incidence and is strongly associated with obesity in adulthood. Several studies to explain the role of genetics in the
pathogenesis of obesity have been performed. The aim of this study was to investigate the relation between +45T>G single nucleotide polymorphism (SNP)
and childhood obesity. Material and Method: 268 obese and 185 healthy (control) children and adolescents aged 6-17 years were enrolled. Laboratory tests
including fasting glucose, insulin level, and lipid profile were drawn only from the obese participants. The +45T>G SNP in adiponectin gene was analyzed from
the members of both groups by a polymerase chain reaction (PCR)-based restriction fragment length polymorphism (RFLP) method. Results: The genotype
frequencies of the adiponectin gene for +45 locus in exon 2 were 77.9%, 19.1%, and 3% in obese subjects and 72.1%, 23.5%, and 4.4% in the control group for
TT, TG, and GG respectively (p=0.357), with the allelic frequency of the G allele 12.5% in obese subjects and 16.1% in controls (p=0.129). When we compared
different adiponectin genotypes, there wasn't any significant difference in frequencies of TT genotype (wild type) and non-TT (TG+GG) genotypes between
the obese and control groups (p=0.162). Also, comparing GG genotype and non-GG (TG+TT) genotypes revealed no significant difference between the obese
and control groups (p=0.439). Among obese subjects there were no significant relationships between different genotypes and clinical characteristics such as
presence of hypertriglyceridemia, low high-density lipoprotein (HDL-C), hypertension, and insulin resistance. Discussion: In conclusion, in the present study, in a
well-described obese and a control group of pediatric patients, we observed a lack of association between the +45T>G SNP and childhood obesity and its traits.
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Introduction

Childhood obesity is increasing in incidence and is strongly as-
sociated with obesity in adulthood [1,2]. Because obese children
are at risk of metabolic syndrome, cardiovascular diseases, and
increased adult morbidity and mortality, childhood obesity is in
fact a public health problem [3,4].

Childhood obesity reflects complex interactions of genetic,
environmental, social, and behavioral factors. Increase in fast
food consumption, alteration of nutritional components and
food intake patterns, increased time on a television, computer,
etc. and less time in active exercise may be associated with
the increasing obesity rate in children. Other than these fac-
tors, genetics is an indisputably important factor for childhood
obesity. The probability for a child with one obese parent to
become an obese adult is three times higher than for those
with nonobese parents [5,6]. For this reason, apart from ad-
vanced efforts to change eating behavior and to increase time
on exercise, several studies to explain the role of genetics in the
pathogenesis of obesity have been performed. In this context,
adipokines and adipokine genes are being widely investigated.
Adipokines are a variety of proteins secreted by adipocytes that
are involved in the regulation of insulin sensitivity, lipid metabo-
lism and energy balance, and metabolic homeostasis [7]. Some
of the adipokines are leptin, adiponectin, TNF-alpha, IL-6, resis-
tin, vaspin, visfatin, and omentin. Among these, the blood level
of adiponectin has been found to be reduced in obese people
compared with lean individuals [8]. Animal models and human
studies support an important role for adiponectin in the patho-
physiology of metabolic syndrome and most of its individual
components, namely insulin resistance (IR), obesity, and dyslip-
idemia even during childhood and adolescence [9-11].

The gene encoding adiponectin is located in a locus on the
third chromosome (3g27) which is close to the loci considered
responsible for Type 2 diabetes and obesity [12]. Several re-
searchers have searched the adiponectin gene for SNPs and
have identified some of them; an estimated 30-70% of the vari-
ability in plasma adiponectin levels is explained by this genetic
variation [12-16]. One of these SNPs in the adiponectin gene is
T>G change at the 45th position; +45T>G SNP (rs2241766) in
exon 2 which doesn’t cause any change in amino acid sequence.
There are different studies concluding different findings about
the relation between this SNP and obesity [17,18].

In this study, +45T>G polymorphism in exon 2 of adiponectin
gene was examined in obese and control groups of pediatric
age as a gene that is thought to have a role in the development
of obesity and its morbidities, such as hypertension, dyslipid-
emia, and insulin resistance.

Material and Method

Participants and study area

This study was a cross-sectional, case-control study. A total
of 268 obese children and adolescents aged 6-17 years who
were followed at the Hospital of the School of Medicine at
Gaziosmanpasa University, Tokat, Turkey, were enrolled in the
study. Also 185 nonobese, healthy children aged 6-17 years who
were being seen for other reasons were collected from outpa-
tient pediatric clinics for the control group. The study protocol
was in accordance with the Helsinki Declaration of the World

Medical Association and ethics standards. Ethics committee
approval was received for this study from the ethics commit-
tee of Gaziosmanpasa University School of Medicine (14-KAEK-
204). Informed consent was obtained and the questionnaires
used to gather information about the children were answered
by the parents and family.

Weights were measured using a digital scale (Seca Corp., Chino,
CA, USA). Measurements were made while the patients were
barefoot and wearing light clothes. Height was measured us-
ing a portable stadiometer (Seca) together with weight. Body
mass index (BMI) was calculated as weight in kg divided by
height in meters squared (kg/m?). The subjects were catego-
rised as ‘obese’ if BMI was over 95 percentile and ‘control’ if
the BMI was between 5-85 percentile, considering the sex-and
age-specific growth curves and cutoff levels for Turkish children
proposed by Neyzi et al. [19].

Laboratory tests

Laboratory tests including glucose, insulin levels, and lipid pro-
files were drawn only from the obese participants as fasting
blood samples. Also, blood samples were separated from these
patients for genetic analysis of +45T>G SNP in adiponectin
gene. No laboratory tests except for genetic analyses were per-
formed in the control group.

Serum fasting glucose, insulin, triglycerides (TGs), and high-
density lipoprotein cholesterol (HDL-C) were measured by re-
agent kits from Roche Diagnostics adapted to the COBAS 6000
Autoanalyzer (Roche Diagnostics, Indianapolis, IN, USA).

Definition of hypertension, insulin resistance, and dyslipidemia
Blood pressure (BP) of patients was measured by a digital
sphygmomanometer (OMRON 705IT, Omron Healthcare Co.,
Kyoto, JAPAN) and the mean of two measurements was record-
ed. Hypertension was considered if BP = 95" percentile accord-
ing to age, sex. and height [20].

The homeostasis model assessment of insulin resistance
(HOMA-IR) index was calculated by the equation of HOMA-
IR=Fasting insulin (U/mL) x Fasting glucose (mg/dL) /405). The
HOMA-IR cutoff point for diagnosis of insulin resistance was
3.16 [21].

Dyslipidemia was defined if TGs were >105 mg/dL in children <
10 years of age and > 136 mg/dL in children = 10 years of age
and/or HDL-C was < 35 mg/dL [22].

Genetic Analysis

Blood samples were collected from each subject, and DNA was
extracted from peripheral blood samples using a GeneAll” Exge-
ne™ Blood SV Genomic DNA Kit according to the manufacturer’s
instructions. The +45T>G SNP in adiponectin gene was analyzed
by a polymerase chain reaction (PCR)-based restriction fragment
length polymorphism (RFLP) method. PCR was performed in a to-
tal volume of 25 pL containing 25-50 ng of genomic DNA, 0.8
nmole/ pl of each primer, 1.5 mM MgCl2, 2.5 pl of 10x PCR buffer,
0.3 mM dNTP, and 1 U Taq DNA polymerase (Fermentas, Shen-
zhen, China). The PCR primers, PCR programme, product sizes, and
restriction enzyme are shown in Table 1. The amplified products
were run on a 3% agarose gel, stained with ethidium bromide, and
visualized under ultraviolet (UV) light.
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Statistical Analysis

Data are expressed as meansstandard deviation or frequency
and percent. Independent sample t test was used to compare
the continuous normal data between groups. Chi-square test
was used to compare the categorical data between/among
groups. A p-value <0.05 was considered as significant. Analyses
were performed using SPSS 19 (IBM SPSS Statistics 19, SPSS,
Inc., an IBM Co., Somers, NY).

Results

In this study the adiponectin gene +45T>G variant was geno-
typed in obese and nonobese groups of pediatric patients. Clini-
cal and laboratory characteristics of the study participants are
shown in Table 2.

The genotype frequencies of adiponectin gene were 77.9%,
19.1% and 3% in obese subjects and 72.1%, 23.5% and 4.4%
in the control group for TT, TG, and GG respectively (p=0.357),
with the allelic frequency of the G allele 12.5% in obese subjects
and 16.1% in controls (p=0.129) (Table 3). There was no signifi-
cant difference between obese and control groups according to
genotypic or allelic frequencies. Genotype frequencies were in
Hardy-Weinberg equilibrium.

When we compare different adiponectin genotypes, there
wasn’t any significant difference in frequencies of TT genotype
(wild type) and non-TT (TG+GG) genotypes between obese and
control groups (p=0.162) (Table 4). Also comparing GG geno-

Table 1. PCR primers, PCR programme, product size, and restriction enzyme
for the +45T>G SNP in adiponectin gene

Polymorphism  Primers RFLP Product PCR
Enzyme Size Programme

Adiponectin F: 5’-GCA GCT Sma | 372 bp 94°C 5 min

+45T>G CCT AGA AGT T; 372bp 94°C 30s
AGA CTC TGC G;209+163bp  60°C 30s
TG-3’ 37 cycle
R:5’-GCA 72°C 30s
GGT CTG 72°C 7 min
TGA TGA AAG
AGG CC-3

Table 2. Clinical and laboratory characteristics of study participants

Obese Control

(n=268) (n=185)
Age 11.61+2.83 10.74+3.36
Gender(F/M) 163/105 101/84

Length (cm) 150.76+15.17 143.56+17.84
Weight (kg) 65.9+19.96 38.99+14.8
BMI (kg/m?) 27.93+4.39 18.1+3.18
HDL-C (mg/dL) 48.19+12.41

TGs (mg/dL) 111.29:64.42

Insulin (ulU/mL) 19.08+12.39

Glucose (mg/dL) 88.21+12.01

HOMA-IR 4.13+3.09

Hypertension 93(40.3)

IR 142(56.3)

Low HDL-C 27(10.4)

Hypertriglyceridemia 113(44.0)

Data are shown as meantstandard deviation or frequency, percentage.
BMI: Body mass index (kg/m2), HDL-C: High-density lipoprotein, TGs:
Triglycerides, HOMA-IR: The homeostasis model assessment of insulin
resistance index, IR: Insulin resistance.

type and non-GG (TG+TT) genotypes revealed no significant dif-
ference between obese and control groups (p=0.439) (Table 5).
Among obese subjects there were no significant relations be-
tween different adiponectin genotypes and clinical character-
istics such as presence of hypertriglyceridemia, low HDL-C,
hypertension, and insulin resistance (Table 6). Also there were

Table 3. Genotypic and allelic distributions of adiponectin gene in obese and
control groups

GROUP
Genotype  Obese Control x? p OR
n (%) n (%) (% CI)
T 208 (77.9) 132(721) 2.060 0357
TG 51(19.1) 43 (23.5) B
GG 8(3) 8 (4.4)
Allele
T 467 (87.5) 307 (83.9) 2303 0.129 0.746 (0.51-1.09)
G 67 (12.5) 59 (16.1)

Table 4. Adiponectin genotype (TT and non TT) distributions in obese and
control groups

Adiponectin genotypes x? p OR
n(%) (% Q)
i TG+GG
Group Obese 208(77.9)  59(22.1) 1958 0.162 0.734
Control  132(72.1)  51(27.9) (047-1.13)

Table 5. Adiponectin genotype (GG and non GG) distributions in obese and
control groups

Adiponectin genotypes  x* p OR
GG n(%) (% CI)
TG+TT
Group  Obese 8(3) 259(97) 0.599 0439 0675
Control  8(44)  175(95.6) (0.24-1.83)

Table 6. Adiponectin genotype and allele distributions based on clinical char-
acteristics

Adiponectin genotype (%) Allele (%)
b TG GG T G

Hyper- No  105(58)  28(63.6) 5(83.3) 238(86.2) 38(13.8)
tension Yes  76(42) 16(36.4) 1(16.7) 168(90.3) 18(9.7)
x%p 1.891; 0.388 1.746;0.186
Dyslipid-  No  97(492)  26(52)  6(75)  220(853) 38(14.7)
emia Yes  100(50.8) 24(48)  2(25)  224(88.9) 28(11.1)
X%p 2.091;0.352 1.481; 0224

No  87(442) 19(41.3) 4(50)  193(87.7) 27(12.3)
" Yes  110(55.8) 27(58.7) 4(50)  247(87.6) 35(12.4)
x%p 0.252;0.882 0.002; 0.963
Low No  183(91)  43(86) 6(75)  409(88.1) 55(11.9)
HDL-C Yes  18(9) 7(14) 225)  43(79.6)  11(20.4)
X%p 2.969; 0.227 3.156;0.076
High No  175(884) 47(94)  8(100) 397(86.3) 63(13.7)
total
choles- Yes  23(116)  3(6) 0(0) 49(942)  3(58)
terol
X%p 23130315 2.614;0.106
High No  108(54.5) 29(58)  6(75)  245(85.7) 41(14.3)
TGs Yes  90(45.5) 21(42) 2(25)  201(88.9) 25(11.1)
x%p 1.420; 0.492 1.205;0.272

HDL-C: High-density lipoprotein, TGs: Triglycerides, IR: Insulin resistance.
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no significant relationships between the mean of quantitative
variables and different genotypes of adiponectin (Table 7).

Table 7. The mean of quantitative variables based on different genotypes of adiponectin

pared with non-carriers in a population of overweight/obese
children. However, there are studies that have concluded that
the G allele in +45T>G SNP of adiponectin
gene is associated with lower fasting insulin

BMI HOMA-IR  HDL-C TGs Insulin FG levels and lower HOMA-IR score [34]. Finally,
T 24.40:627 4.15:321 4857:11.93 113.96:66.14 1927:12.78 8822:12.35 similar to our study, there have been some
TG 23221613 4261278 474611406 105.06:6098 18.95:1131 89.14:1069  studies which found no association with dys-
GG 24.08:5.63 2.85:152 4363:1463 9271:33.08 13.47:657  8519:9.16 lipidemia, FG, insulin sensitivity, HOMA-IR, or
p 0269 0.484 0.489 0.481 0431 0671 HT [35-37]. The reasons for this discrepancy,
T 244:627  4.15:321 4857+11.93 113.96166.14 19.27+12.78 8822+12.35 again, may be related to variation across
TG+GG 23.34:6.04 4.05:2.67 46931407 103.36:57.87 18.13:10.87 88.6+10.51 studies in ethnic background, environmental
p 0123 0.831 0377 0271 0.551 0828 factors, sample size, and other factors such
GG 24.08:563 2.85:1.52 43.63:1463 9271:33.08 13.47:657  8519:9.16 as inclusion criteria of the studies.
TG+TT  24.14+625 417:3.13 4835:12.36 11217:6511 1921:12.49 88.4:12.02 Our study has some limitations. One of them
p 0,969 0235 0297 0401 0198 0.455 is lack of adiponectin level measurements in

BMI: Body mass index (kg/m2), FG: Fasting glucose (mg/dL), HDL-C: High-density lipoprotein choles-
terol (mg/dL), HOMA-IR: The homeostasis model assessment of insulin resistance index, TGs: Triglyc-

erides (mg/dL).

Discussion

Adiponectin, which is one of the adipokines, is known to have
an important role in the pathophysiology of obesity and its co-
morbidities such as insulin resistance (IR), hypertension, and
dyslipidemia. In the present case-control study, significant as-
sociation was not found between +45T>G SNP of adiponectin
gene and childhood obesity or its comorbidities. In the litera-
ture, there are very different results in this context. Some stud-
ies have shown significant association between +45T>G SNP of
adiponectin gene and obesity [17,23-25] whereas other studies
have suggested an absence of such an association [18,26,27].
For instance, in their case-control study about obesity and poly-
morphisms, Bouatia-Naji et al. [18] did not find any evidence of
association between +45T>G SNP and childhood obesity and
their results about allelic frequencies of this SNP in obese chil-
dren were similar to our results. In another case-control study
that was performed on obese school children and adolescents,
Orellana et al. [28] didn't find any significant difference in the
frequency of +45T>G SNP in childhood obesity. Ukkola et al.
[29] also found this SNP in equal frequencies among obese
and control subjects. On the other hand there are some stud-
ies which have found the opposite. For instance, Wu et al. [17]
found this SNP (G allele) to be associated with increased risk
of obesity in children. Also in the study of Stumwoll et al. [24]
the G allele was found to be significantly associated with in-
creased obesity risk. Furthermore, interestingly, there are some
other studies which found the G allele to be associated with
decreased obesity risk [23,25]. However, all of these conflicting
diverse results are not surprising since the studies have exam-
ined populations that are very different in ethnicity, age, health
condition, and sample size.

In our study there was no association between +45T>G SNP of
adiponectin gene and obesity traits such as IR, hypertension,
or dyslipidemia. There are also diverse results about this rela-
tion in the literature. In some studies the G allele was found to
be associated with higher LDL [17] and total cholesterol levels
[17, 29], fasting glucose [30, 31], and HOMA-IR [17, 32, 33].
For example, Petrone et al. [30] reported that the 45G carri-
ers showed higher fasting and 2nd hour glucose levels com-

either group. In some other studies, it has
been mentioned that an estimated 30-70%
of the variability in plasma adiponectin lev-
els is explained by genetic variations [12,16].
The question of how a silent mutation just like adiponectin
+45T>G SNP results in a change of plasma level has not been
fully elucidated, but it has been shown that this mutation may
alter RNA splicing or stability, suggesting an allele-specific dif-
ferential expression of adiponectin [38]. Also it is obvious that
searching for an association between an SNP and a complex
disease like obesity that includes diverse genetic and environ-
mental interactions could not be a simple issue.

In conclusion, in the present study, in a well-described obese
and a control group of the Turkish pediatric population, we
observed a lack of association between the +45T7>G SNP and
childhood obesity and its traits.
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